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Abstract
NEXT is an experiment to search for neutrinoless double beta decays in Xenon. The detector is a 100 kg enriched 136Xe high pres-
sure gas time projection chamber (TPC). It is under construction and it will be installed at the Canfranc Underground Laboratory
(Spain). The experiment combines an excellent energy resolution (better than 1% FWHM at Qββ) and a topological reconstruc-
tion of the electrons. Due to the cost and scalability, NEXT concept is adequate for the next generation of double beta decay
experiments.
c© 2011 Published by Elsevier Ltd.
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1. Introduction
The Standard Model (SM) of Particle Physics is incomplete. Neutrinos oscillate and therefore have mass. There
are two possibilities to extend the SM to provide their masses: either using the Dirac’s mechanics or the Majorana’s
one, which implies that neutrinos are their own antiparticles. In the last case, lepton number is violated. The only way
to establish that neutrinos are Majorana is detecting a neutrinoless double beta decay (ββ0ν). This is a hypothetical
process that can occur in certain nuclei when two neutrons simultaneously convert into two protons, two electrons
and no neutrinos. The sum of the electrons energy corresponds to the total released energy, Qββ. This is a second
order electro-weak process with a very long lifetime, O(1025) years. The live time depends on three factors: the phase
space, the matrix element (that can theoretically computed) and the squared Majorana eﬀective mass, m2ββ. The later,
mββ = |∑i miUei|, combines the three neutrinos mass, mi, and the elements of the neutrino mixing matrix related with
the electron neutrino, Ui.e.. There are no indications of a ββ0ν decay today. Results from the EXO-200 collaboration
have set up a limit at 90 % C.L. on mββ 140 − 380 meV (depending on the nuclear elements) [1] and similar results
have been obtained by KamLand-ZEN [2] and GERDA [3]. Next generation experiments plans to explore the eﬀective
mass up to 20 meV, which will cover the allowed range if the neutrino mass hierarchy is inverted. That will require the
deployment of large target masses (O(1) ton). Xenon is the isotope that oﬀers most possibilities for this new round, as
it can be obtained at a reasonable cost and can be deployed in large quantities.
2. NEXT detector
NEXT is an experiment to search for ββ0ν in 100 kg of 136Xe gas in a high pressure Time Projection Chamber
(TPC) [4]. The detector is under construction. It will be commissioned and installed at the Cafranc Underground
Laboratory (Spain) in 2016. NEXT detector has been designed to identify a ββ0ν decay in a redundant way: measuring
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Figure 1. A sketch showing the NEXT detection technique. Scintillation (S1) and electroluminescent (S2) light are detected by the energy plane,
PMTs (on the left). Ionization electrons drift toward the anode, while traversing the EL region, they emit electroluminescent light that is detected
by the SiPMs in the tracking plane. With the information on the SiPMs and the time of the arrival the electron track is reconstructed in 3D.
the energy of the event with an excellent energy resolution, better than 1% at FWHM (Full Width Half Maximum)
at the Qββ = 2458 keV, and reconstructing the two electron tracks. The detector will be built with ultra radio pure
materials. NEXT collaboration is formed by approximately 80 physicist from institutions and Universities of Spain,
Portugal, Russia, USA and Colombia. The majority of the funding comes from a Spanish Grant (Consolider-Ingenio)
and an Advanced Grant from the European Research Council.
NEXT is a cylindrical TPC 130 cm length and 52.5 cm radius. One of the end-caps acts as the cathode and it is
instrumented with 60 large Photo Multipliers (PMTs) to detect light and measure the energy of the event. The other
end-cap, the anode, has a 10 mm Electroluminescent Region (EL) in front of a plane of Multi-Pixel Photon Counters
(SiPMs), the tracking plane. Each SiPM has 1 mm2 size, they are located in boards, each board holds 8×8 SiPMs in a
x, y grid with 10 mm pitch. In total there are 7 k SiPMs. Interaction of a charge particle in Xenon produces scintillation
and ionization signals. Electrons from ionization drift in the presence of the moderate electric ﬁeld (0.3-0.5 kV/cm) of
the TPC towards the anode, when they enter the EL region, they convert into photons by electroluminescence. Primary
scintillation (S1) and EL (S2) light are collected by the PMTs of the energy plane, providing the time start-of-event
and the energy respectively. Electrons are reconstructed using the S2 light pattern on the SiPMs and the time of the
arrival. Figure 1 shows the detection technique, that was ﬁrst introduced in [5] and completed in [6].
The TPC will be installed inside a vessel made of stainless steel 316Ti alloy able of withstand a pressure of 15 bars.
A copper layer on the inside, shields the sensitive volume from radiation. The ﬁeld cage of the TPC will be made of
high density polyethylene. Three wire meshes, cathode, gate and anode deﬁnes the drift and EL regions. PMTs of
the energy plane are of type Hamamatsu R11410-10, specially developed for radio pure, xenon-bases detectors. They
will be sealed into individual pressure cans with sapphire windows. SiPMS are of type Hamamatsu S10362-11-050P.
The tracking plane is coated with a wavelength shifter (TPB) to enhance the light detection eﬃciency. A gas system
will circulate, purify and pressure Xenon in the detector. A lead castle will shield the full detector for the external ﬂux
of high energy gamma rays that reach the cavern.
Two prototypes has been built in order to determine the energy resolution and to demonstrate the reconstruction of
electron tracks. A ﬁrst prototype, NEXT-DBDM, was built and operated at Lawrence Berkeley National Laboratory
(USA). A resolution of 0.5 % FWHM extrapolated at Qββ was obtained [7]. It is very close to the intrinsic energy
resolution on Xenon, ∼ 0.3 % FMWH. A second prototype, NEXT-DEMO, was built and operated at the Instituto
de Fı´sica Corpuscular (IFIC), Valencia, Spain. NEXT-DEMO is a 30 cm long TPC that can hold 1 kg of Xe and
was instrumented with an energy and tracking plane. An energy resolution of 1.82 % at FWHM was obtained for
511 keV electrons from 22Na gamma interactions [8], that extrapolated to 0.8 % FWHM resolution at Qββ, better
than the design target resolution! With the information from the tracking plane, electron tracks from 22Na and 137Cs
gamma interactions were reconstructed. The energy deposit from a primary electron has two recognizable regions,
one where the electron is a minimum ionizing particle (mip), and the end point, where the electron deposits a larger
energy (blob). Figure 2 shows the (y, z) proyection of an electron track from a 137Cs gamma interaction reconstructed
in NEXT-DEMO [9]. z is the drift direction. Color indicates diﬀerent energy deposition. The end of the electron
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Figure 2. Projection in (y, z) plane of a reconstructed electron track from a 137Cs gamma interaction in NEXT-DEMO, color indicated energy
deposition in keV/mm. z is the drift direction. The end point (blob) of the electron track, with larger energy deposit than the rest, is clearly visible.
tracks (blob) is clearly visible.
NEXT has the unique capability two reconstruct and identify the two electrons from a ββ decay. The topological
signature is a (15 cm) tortuous track with two end blobs. It is clearly diﬀerent from the main contamination, gamma
interactions from 208Tl and 214Bi, that produces one electron (one blob). Detailed Monte Carlo simulation has been
carried out to estimate the rejection power obtained using the topological signature. With a reduction of 50% of the
signal, the contamination in the Qββ region is reduced by more that three orders of magnitude. The expected radiation
from the diﬀerent parts of the detector has been measured or estimated at [10]. For a signal eﬃciency of 30 %,
the expected background contamination in the region of interest ranges between 4 − 9 × 10−4 counts/(keV kg year)
depending on the assumptions.
NEXT collaboration is building a second mayor prototype, NEXT-NEW, a 50 cm long TPC, 10 kg of Xenon
detector, to be installed at Canfranc Underground Laboratory in 2014. These detector will be large enough to contain
hundreds of ββ events and therefore demonstrate the capability to identify the two electrons.
Despite the late start of NEXT, but thanks to its excellent energy resolution (a factor 3 better than its competitors)
and its unique topological capabilities, NEXT results on mββ will be soon competitive with the ones obtained by EXO
and KamLand-ZEN [11] . In addition, for the one ton experiment, NEXT detector concept has deﬁnitive advantages.
The target is homogenous and full active and the detector is modular and scalable.
3. Conclusions
NEXT-100 experiment is under construction, it will search for neutrinoless double beta decays in Xenon. If no
signal is found, a limit on the range 100 − 120 meV can be set in 4 years of running [11]. NEXT detector concept is
very adequate for the next generation of double beta experiment that will allow us to discover Majorana neutrinos or
to explore the allowed region of eﬀective mass if the neutrino mass hierarchy is of the inverted type in the next decade.
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